Mechanistic study on meso-tetraphenylporphyrin iron(III) chloride (TPP) catalysed oxidation of indole-3-acetic acid by peroxomonosulphate (oxone) in a�ueous acetonitrile medium has been carried out. e reaction follows a �rst order with respect to both substrate and oxidant. e order with respect to catalyst was found to be fractional. e order of reaction with respect to catalyst varies with a concentration of catalyst. Increase in percentage of acetonitrile decreased the rate. e reaction fails to initiate polymerization, and a radical mechanism is ruled out. Activation and thermodynamic parameters have been computed. A suitable kinetic scheme based on these observations is proposed. Signi�cant catalytic activity is observed for the reaction system in the presence of TPP.
Introduction
Oxidation of indole-3-acetic acid (IAA) has received much attention because of the involvement of the indole derivatives in signi�cant biological processes. ey have anti-in�am-matory [1, 2] , tumor growth inhibitor [1, 2] , antiviral, antitubercular, antibacterial, antiallergic, and psychotropic activities [3] . Oxidation of indole-3-acetic acid by dioxygen [4] , Ce(IV) [4] , 1,4-phenanthroline-manganese(II) complexes [5] , hydrogen peroxide, persulphate, N-chlorosuccinimide, and sodium hypochlorite was reported [6] .
Chlorophyll-sensitized photooxidation [7] , peanut peroxidase [8] , horseradish and tobacco peroxidase [9] [10] [11] catalysed oxidation of IAA have been studied. e catalytic properties of the transition metal porphyrins are due to the fact that an oxotransition metal porphyrin intermediate is formed, which can transfer the oxygen atom to a substrate or can accept an electron from the substrate [12] . In the �eld of oxidation catalysed by transition metal porphyrins, the oxygen transfer step is the crucial step, and from an experimental point of view a lot of attention has been devoted to the nature of the oxotransition metal bond [13] . Groves and coworkers [14] described the use of meso-tetraphenylporphyrin iron(III) chloride (TPP) in combination with the lipophilic iodosylbenzene, �rst used in vivo by Ullrich and Staudinger [15] , for the epoxidation of ole�ns, and the hydroxylation of alkanes.
Although the oxidation of certain substituted indoles such as 2,3-dialkyl indoles by peroxodisulphate, peroxomonosulphate, peroxomonophosphoric, and peroxodiphosphoric acids has been already reported in the literature [16] [17] [18] , the lack of kinetic and mechanistic investigation on TPP catalysed oxidation of IAA by peroxomonosulphate (oxone) instigated us to carry out this work.
Experimental
2.1. Materials. Indole-3-acetic acid, oxone, and TPP (Sigma Aldrich) were used as such. All the other chemicals and solvents used were of analytical grade (Merck, India). All the solutions used in the study were made by using doubly distilled water. All the reagents were prepared freshly and used in the reaction. All the reactions were carried out in a thermostat and the temperature was controlled to ±0.1 ∘ C. 
Product Analysis.
A reaction mixture containing slight excess of oxone, IAA, TPP, and acetonitrile-water mixture was kept aside at room temperature for a day, so that the substrate was completely converted into product. e mixture was extracted with ether. A resinous mass was obtained in the ether layer which is treated with acetone and then with methanol. e �nal product was obtained from the alcoholic solution and identi�ed by ��-�isible absorption spectra ( max ) at 437 nm ( Figure 6 ). e above product was also reported in the oxidation IAA by peroxomonosulphate [19] .
Data Analysis.
Correlation studies were carried out using Microcal origin (version 6) computer soware. e goodness of the �t was discussed using the correlation coe�cient, , in the case of simple linear regression and in the case of multiple linear regressions. (Table 1) . e plot (Figure 1 (Figure 3(b) ) with a slope of 1.47, indicating that the order of the reaction with respect to catalyst (b) [22-40 × 10 −8 mol dm −3 ] was also fractional. e order of reaction with respect to catalyst varies with a concentration of catalyst. It clearly reveals that the reaction follows different mechanism at low (Scheme 1) and high concentrations of catalyst (Scheme 2). It is also noticed that higher concentration of catalyst exhibits an activation towards the reaction progress reaching a maximum value of obs 6.76 at catalyst concentration of 40 × 10 −8 mol dm −3 . Also the catalytic activity of catalyst substantially exceeds in higher concentration due to more active centres which interact mutually with one another leading to the formation of bimetallic and multimetallic active centers which has more catalytic activity than monometallic ones of catalyst in lower concentration [20] . 
Results and Discussion

Effect of [H
Effect of Dielectric Constant.
In order to determine the effect of dielectric constant (polarity) of the medium on rate, the oxidation of IAA by peroxomonosulphate was studied in aqueous acetonitrile mixtures of various compositions (Table 4) . e data clearly reveal that the rate increases with decrease in the percentage of acetonitrile, that is, with increasing dielectric constant or polarity of the medium and leads to the in�uence that there is a charge development in the transition state involving a more polar activated complex than the reactants [21] [22] [23] [24] , a neutral molecule [IAA] , and a mononegative ion (HSO 5 − ) suggesting a polar (ionic) mechanism. 
Test for Free Radical Intermediates.
No polymer formation was observed when a freshly distilled acrylonitrile monomer was added to the deaerated reaction mixture indicating the absence of free radical intermediates.
Rate and Activation
Parameters. e effect of temperature was studied in the range of 293 K-333 K and the results were shown in (Table 5) . e Arrhenius plot of ln obs / versus 1/ (Figure 4 ) was found to be linear. e value of energy of activation ( ) was found to be 11.56 kJ mol −1 K [26, 27] . Inspite of the fact that free radicals can arise from the facile homolysis of the oxygen-oxygen bond [28] , an ionic mechanism is favoured in certain reactions involving oxidations by peroxides. In the present investigation no observed polymerization in the presence of acrylonitrile rules out a free radical process. Generally, the enhancement of the electrophilic activity of peroxide will minimize the importance of undesirable free radical pathways, resulting in a mixture of products [29] . e �rst step is the formation of a complex between oxone and TPP. is complex immediately decomposed and showed that Por-Fe v =O is in agreement with the literature study [30] . is Por-Fe v =O may further react with the IAA to form a complex ( Figure 5 ) at 534 nm, which would give the product in the next step ( Figure 6 ). is type of product was already reported [19] . e oxygen transfer step is associated with large negative value of entropies of activation and signi�cant enthalpies of activation. e catalytic activity of TPP is signi�cant, and this conversion exhibits fractional order. e order of the reaction varies with the concentration of catalyst [20] . It has value 0.48 for the catalyst concentration of 2-20 × 10 −8 mol dm −3 and has value 1.47 for the catalyst concentration of 22-40 × 10 −8 mol dm −3 (Table 2 ). It clearly reveals that the reaction follows different mechanism at low (Scheme 1) and high concentrations of catalyst (Scheme 2). ough the reaction mechanism is different in low and high catalyst concentrations, the �nal product obtained is similar in low and high catalyst concentrations. is was con�rmed by ��-�is spectra shown in (Figures 6 and 7 ). In accordance with the above observations and stoichiometry of the reaction, the following reactions are involved to constitute the most probable mechanism of the reaction at low and high concentrations of catalyst (Schemes 1 and 2).
Conclusion
In conclusion, meso-tetraphenylporphyrin iron(III) chloride has been proven to be an excellent catalyst for the oxidation of IAA by oxone. e kinetic and thermodynamic parameters for the TPP catalysed oxidation of IAA by oxone were determined, and the reaction scheme was proposed. e thermodynamic data obtained supported the proposed mechanism.
